BAKER  (MICHAEL)  JR  INC  BEAVER  PA 
NATIONAL  DAM  INSPECTION  PROORAM.  I 
PEB  79  C T CHEN 


P/B  13/2 

BRADFORD  CITY  NUMBER  2 DAM  ( NO— ETC  C U ) 
DACM1-79-C-0011 


|CF  | 

L 

I ..... 

3 mBS* 

— ' 

— MV. 

1 

mm 

miaou 

MMM 

~ r 

wmmm 

J 

• 

■*-  1 

■i. 

• « 

• m 
SHKK 

r 

PML 

i..  i 

m 

"m 

li 

tyyojS 

li 

fcl 

W'[ 

&& 

MEMl 

HEW 

«WWII 

■n 

KfHf 

WB 

JMfcK'  i 

MHBNp 

HP* 

m 

— — » 

1*  i 

. | 

' ESSoa. 

- 

■ajBw  i 

man 

■ WWK 

m 

m 

_ 

ISM 

WM» 

l 

t 

■ 

_1 

M. 

* - 

( '55 

ij 

i 

\rm' 

1 ):  -H 

< V 

/J  * 

’ 

/y! 

a i)i^ 

J‘,P. 

- “Bnr 

1 

■%■ — — i ♦ 

-g 

• I 

p ' 

'1 

il 

'i  i 

1 

il 

II  i i , i 

i 

i i it 

jji  iii 

■iiuii , 

in 

ru 

ill! 

.im  , 

'in 

p 

'1 

ij 

Jill 

1 1 i | 

'1 

ijii 

l-lll.ki 

'1 

j! 

iJ L- 

,rii 

m 

i.  * , ■ 

j 

J i 

in 

.iii 

Ipii 

jf) 

J"  !‘  1 

1 

t 

r> 

i 

a 

m 

11 

St 

_ 

11 

. . 

_ 

n 

■ 

s 

i 

f 

.1 

i 

■A6?0694 


OHIO  RIVER  BASIN**®  » F 

GILBERT  RUN,  McKEAN  COUNTY 

PENNSYLVANIA 


’ 


NDI  No  PA  00024  ...  -! 

PennDER  No.  42-8 

Distribution  Unlimited 
Approved  for  Public  Release 
Contract  No.  DACW31-79-C-0011 

PHASE  I INSPECTION  HEPOR 

NATIONAL  DAM  INSPECTION  PROGRAM 


v: 


aw 


pnpartd  tor 

DEPARTMENT  OF  THE  ARMY 

Baltimore  District,  Corps  of  Engineers 

Baltimore,  Maryland  21203 

pnptnd  by 

MICHAEL  BAKER,  JR.,  INC. 

Consulting  Engineers 
4301  Dutch  Ridge  Road 
Beaver,  Pennsylvania  15009  < 


February  1979 


4? 


4 ft  O #6 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


OHIO  RIVER  BASIN 


BRADFORD  CITY  NO.  2 DAM 
MCKEAN  COUNTY,  COMMONWEALTH  OF  PENNSYLVANIA 
NDI  NO.  PA  00024 
PennDER  NO.  42-8 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


National  Dam  Inspection  Program,  Brad- 
ford' City  Number  2 Dam  (NDI-PA-00024, 
PennDER-42-8),  Ohio  River  Basin,  Gilbert 
Run,  McKean  County,  Pennsylvania,  Phase 
I Inspection  Report^ 


Prepared  for: 


DEPARTMENT  OF  THE  ARMY 

Baltimore  District,  Corps  of  Engineers 

Baltimore,  Maryland  21203 


i c.y.  / 


Prepared  by: 


MICHAEL  BAKER,  JR.,  INC. 
Consulting  Engineers 
4301  Dutch  Ridge  Road 
Beaver,  Pennsylvania  15009- 


Date: 


February  1879 


/ r/  rj  l 


LQ 


A c o' 


it:/- 


yjc  79S* 


to 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams,"  for 
Phase  I Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 
D.C.  20314.  The  purpose  of  a Phase  I Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condition 
of  the  dam  is  based  upon  available  data  and  visual  inspections. 
Detailed  investigation,  and  analyses  involving  topographic 
mapping,  subsurface  investigations,  testing,  and  detailed 
computational  evaluations  are  beyond  the  scope  of  a Phase  I 
Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available 
to  the  inspection  team.  In  cases  where  the  reservoir  was 
lowered  or  drained  prior  to  inspection,  such  action,  while 
improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions 
which  might  otherwise  be  detectable  if  inspected  under  the 
normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a dam  depends  on 
numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam  will 
continue  to  represent  the  condition  of  the  dam  at  some  point  in 
the  future.  Only  through  frequent  inspections  can  unsafe 
conditions  be  detected  and  only  through  continued  care  and 
maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I Inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based  on 
the  estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  The 
spillway  design  flood  provides  a measure  of  relative  spillway 
capacity  and  serves  as  an  aid  in  determining  the  need  for  more 
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NDI  No.  PA  00024,  PennDER  No.  42-8 
Gilbert  Run 

Inspected  7 and  8 November  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 

I 

Bradford  City  No.  2 Dam  is  a diaphragm  earthfill  embankment 
dam  with  a maximum  height  of  44  feet  and  a crest  length  of 
920  feet.  Discharge  is  provided  by  an  uncontrolled  chute 
spillway  located  at  the  right  abutment.  The  dam  is  owned 
and  operated  by  the  Bradford  City  Water  Authority  for  water 
supply . 

The  visual  inspection  and  review  of  engineering  data, 
performed  in  November  1978  through  January  1979,  indicate  no 
serious  deficiencies  requiring  emergency  attention.  The  dam 
was  found  to  be  in  fair  overall  condition  at  the  time  of 
inspection.  However,  the  owner  should  immediately  retain  a 
qualified  consultant  for  additional  investigation  of  certain 
features# v including  the  effect  of  the  seepage  and  phreatic 
surface  on\the  structural  stability  of  the  downstream  slope 
and  revitalization  or  reconstruction  of  the  toe  drain  system 
in  the  embankment.  It  is  further  recommended  that  all 
rodent  holes  be  repaired;  a rodent  control  program  be 
implemented;  the  upstream  slope  riprap  be  repaired;  the 
right  bank  of  the  downstream  channel  be  protected  with 
riprap;  seepage  weirs  be  installed  and  monitored  for 
quantity  and  turbidity  of  all  seepage;  and  the  spillway 
concrete  be  properly  repaired  and  maintained  as  necessary. 
sr 

Hydraulic/hydrologic  evaluations,^  per  formed  in  -accordance 
-with-ociteria  established  by  the  Baltimore  District  of  the 
.-Army-Corps  of  Engineers  for  Phase  I Inspection  Reports, 
revealed  that  the  spillway  will  not  pass  the  Probable  Maxi- 
mum Flood  (PMF)  without  overtopping  the  dam.  Further,  the 
spillway  is  considered  "inadequate"  because  the  spillway  — — 


\ 


< 


will  pass  approximately  38  percent  of  the  PMF  before  over- 
topping and  failure  is  not  likely  to  occur  under  the  50  per- 
cent PMF  condition.^  Therefore,  the  owner  should  immediately 
initiate  a detailed  engineering  study  to  evaluate  the  spillway 
capacity  and  develop ^recommendations  for  remedial  measures 
to  reduce  the  overtopping  potential  of  the  dam.  The  owner 
should  also  develop  emergency  operation  and  evacuation 
procedures . 

Submitted  by: 

MICHAEL  BAKER,  JR.,  INC. 

f&CA, L_ 

C.  Y.  Chen,  Ph.D.,  P.E. 

Engineering  Manager-Geotechnical 

Date:  16  February  1979 

Approved  by: 

DEPARTMENT  OF  THE  ARMY 
BALTIMORE  DISTRICT,  CORPS  OF  ENGINEERS 


( 


G.  K.  Withers 

Colonel,  Corps  of  Engineers 
District  Engineer 

Date:  1 5 War  79 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
BRADFORD  CITY  NO.  2 DAM 
NDI  NO.  PA  00024,  PennDER  No.  42-8 

SECTION  1 - PROJECT  INFORMATION 


1 . 1 GENERAL 


a. 


Authority  - The  Dam  Inspection  Act,  Public  Law  92- 
ithc 


367,  authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,  to  initiate  a program  of 
inspection  of  dams  throughout  the  United  States. 


b. 


Purpose  of  Inspection  - The  purpose  of  the  inspec- 
tion is  to  determine  if  the  dam  constitutes  a 


hazard  to  human  life  or  property. 


1.2  DESCRIPTION  OF  PROJECT 


Description  of  Dam  and  Appurtenances  - Bradford 
city  No.  2 Dam  consists  of  a diaphragm  earthfill 
embankment,  approximately  44  feet  high  and  850  feet 
long,  and  a chute  spillway  with  a crest  width  of 
68.8  feet.  Seepage  control  is  provided  by  a 
masonry  diaphragm  core  wall  which  extends  into  the 
underlying  soil  foundation  of  the  dam.  The  top 
width  of  the  core  wall  is  2 feet  and  the  bottom 
width  of  the  core  wall  is  6 feet.  The  highest 
section  of  core  wall  at  the  same  location  as  the 
outlet  pipe  is  approximately  55  feet  high,  extending 
from  4 feet  below  the  crest  of  the  dam,  through 
the  base  of  the  embankment,  and  into  the  underlying 
soil  foundation.  The  core  wall  rests  on  an  18-inch 
thick,  10-foot  wide  concrete  foundation.  The  dam 
was  increased  in  height  by  20  feet  in  the  years 
1909  through  1913.  In  increasing  the  height  of 
dam  by  20  feet,  the  original  earthfill  dam  was 
used  as  the  toe  portion  of  the  upstream  slope,  in 
effect,  moving  the  center  of  the  new  dam  35  feet 
downstream  from  the  centerline  of  the  old  dam. 


The  spillway  is  located  at  the  right  abutment  of 
the  dam.  The  spillway  crest  is  68.8  feet  wide 
with  a 3-foot  wide  bridge  pier  in  the  center.  The 
pier  serves  as  a support  for  a walkway  across 
the  spillway.  Masonry  abutments  constructed  of 
sandstone  blocks  are  situated  on  each  side  of  the 
spillway  crest.  The  spillway  discharge,  after 
passing  over  the  crest,  is  conducted  around  a 
curve,  down  a straight  section,  and  then  down  a 
rapid  chute  section  into  the  stilling  basin. 


The  outlet  works  consist  of  two  20-inch  diameter, 
concrete  pipes  exiting  through  the  dam  approxi- 
mately 472  feet  from  the  left  abutment.  One  pipe 
is  used  for  water  supply  and  the  other  is  out- 
letted  downstream  from  the  dam.  A riser  tower  is 
located  approximately  55  feet  upstream  from  the 
centerline  of  the  dam.  The  controls  for  the  water 
supply  and  blow-off  pipes  are  in  the  tower. 

Location  - Bradford  City  No.  2 Dam  is  located  in 
Bradford  Township,  McKean  County,  Pennsylvania. 

The  dam  is  located  on  Gilbert  Run,  approximately 
4 miles  upstream  (west)  from  the  City  of  Bradford. 
Gilbert  Run  joins  Marilla  Brook  approximately 
1/2  mile  downstream  from  the  dam.  Marilla  Brook 
flows  into  the  West  Branch  of  Tunungwant  (Tuna) 
Creek  an  additional  2.5  miles  downstream.  Tuna 
Creek  then  flows  through  the  center  of  the  City  of 
Bradford. 

Size  Classification  - The  maximum  height  of  the 
dam  is  44  feet.  The  reservoir  volume  to  the  top 
of  dam  at  El.  1705.9  feet  is  760  acre-feet. 
Therefore,  the  dam  is  in  the  "Intermediate"  size 
category . 

Hazard  Classification  - More  than  a few  lives 
would  likely  be  lost  in  the  event  of  a failure  of 
the  dam.  Therefore,  the  dam  is  considered  in  the 
"High"  hazard  category. 

Ownership  - The  dam  and  reservoir  are  owned  by  the 
Bradford  City  Water  Authority,  24  Kennedy  Street, 
Bradford,  Pennsylvania  16701.  The  present  water 
authority  chairman  is  Mr.  O.  C.  Knott.  The  present 
water  authority  superintendent  is  Mr.  Pat  A.  Nuzzo. 

Purpose  of  the  Dam  - The  dam  is  used  for  water 
supply  storage. 

Design  and  Construction  History  - The  dam  was 
constructed  in  1886  by  J.  A.  Seymore.  The  embank- 
ment was  raised  20  feet  in  the  years  1909  to  1913 
under  the  supervision  of  A.  F.  Bannon,  Jr.,  then 
City  Engineer,  while  Mr.  B.  A.  Wise  acted  in  the 
capacity  of  field  engineer  for  the  city.  North 
Western  Construction  Company  was  contractor  for 
the  later  construction. 
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h. 


Noraal  Operational  Procedures  - The  reservoir  is 
maintained  at  approximately  the  same  level  all 
year.  Personnel  of  the  water  authority  visit  the 
chlorinator  house  downstream  from  the  dam  daily  to 
regulate  and  maintain  the  chlorine  for  water 
supply  purposes.  Typically,  the  dam  is  examined 
twice  a week  to  determine  the  extent  of  routine 
maintenance  required. 


1.3  PERTINENT  DATA 


r 


a.  Drainage  Area  - The  drainage  area  of  Bradford 
City  No.  2 Dam  is  4.49  square  miles. 

b.  Discharge  at  Dam  Site  - The  maximum  flow  at  the 
dam  site  over  the  spillway  is  unknown.  The 
ungated  spillway  capacity  at  average  top  of 
dam  elevation  is  approximately  2500  c.f.s. 


c.  Elevation  [feet  above  Mean  Sea  Level  (M.S.L.)I  - 


Design  Top  of  Dam  - 
Minimum  Top  of  Dam  - 
Average  Top  of  Dam  - 
Maximum  Pool  - 
Normal  Pool  - 

Streambed  at  Centerline  of  Dam  - 
Maximum  Tailwater  - 

d.  Reservoir  (feet)  - 

Length  of  Maximum  Pool  - 
Length  of  Normal  Pool  - 

e.  Storage  (acre- feet)  - 

At  Top  of  Dam  (El.  1705.9  ft.)  - 
At  Spillway  Crest  (El.  1701.0  ft. )- 

f . Reservoir  Surface  (acres)  - 

Top  of  Dam  (El.  1706.3  ft.)  - 
Spillway  Crest  (El.  1701.0  ft.)  - 

g.  Dam  - 
Type  - 

Length  (feet)  - 
Height  (feet)  - 
Top  Width  (feet)  - 
Side  Slopes  - Upstream  - 

Downstream  - 


1706.0 
1705.9 
1706.3 
1706.3 

1701.0 

1662.0 
N.  A. 


2600 

2300 


760 

553 


46.0 

38.6 


Earthfill 

920 

44 

12 

2H:1V 

2H:1V 
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Zoning  - The  design  drawing  (see  Plate  4)  for  the 

flattening  of  the  downstream  slope  indicates 
the  original  embanxment  was  constructed  with 
a central  zone.  This  original  embankment 
was  left  as  the  toe  of  the  upstream  slope 
during  the  raising  of  the  embankment  in  1909 
through  1913.  The  remaining  portion  of  the 
upstream  half  of  the  dam  was  constructed  of 
a "natural  mixture  of  clay  and  sand  excavated 
at  the  upper  end  of  the  reservoir,"  according 
to  the  1915  report  prepared  by  the  Water  Sup- 
ply Commission  of  Pennsylvania  [predecessor 
of  Pennsylvania  Department  of  Environmental 
Resources  (PennDER)]. 

Impervious  Core  - Stone-masonry  core  wall  consisting 

of  sandstone  blocks  laid  with  Portland 
cement  mortar.  Maximum  thickness  is 
6 feet  at  the  base  and  minimum  thick- 
ness is  2 feet  at  the  top. 

Cutoff  - At  the  deepest  section  of  the  embankment  the 

stone-masonry  core  wall  was  constructed  15  feet 
below  the  original  ground  surface. 


h.  Diversion  and  Regulating  Tunnel  - None 

i.  Spillway  - 

Type  - Overflow 

Width  of  Weir  (feet)  - 65.8 

Crest  Elevation  (feet  M.S.L.)  - 1701.0 

Gates  - None 


Downstream  Channel  - The  downstream  channel  consists 

of  a concrete  channel  69  feet 
wide  with  a long  radius  curve 
(in  plan  view).  The  channel 
then  exits  into  a rapid  chute. 

A 22-foot  by  30-foot  stilling 
basin  is  located  at  the  end  of 
the  chute.  The  discharge  then 
enters  a natural  channel  to  the 
original  Gilbert  Run  channel. 
The  total  length  from  spillway 
crest  to  stilling  basin  is  268 
feet. 

j • Regulating  Outlets  - A 20-inch  concrete  pipe  running 
through  the  embankment  is  located  approximately 
500  feet  from  the  left  abutment.  A control  valve 
is  located  in  the  riser  tower  55  feet  upstream  from 
the  center  of  the  dam. 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

Review  of  information  included: 

1)  Pennsylvania  Department  of  Environmental 

Resources  (PennDER)  file  for  Bradford  City 
No . 2 Dam : 


a)  "Report  Upon  the  Number  2 Dam  of  the 
Bradford  Municipal  Water  Works"  prepared 
by  the  Water  Supply  Commission  of  Pennsyl- 
vania (predecessor  of  PennDER)  and  dated 
11  August  1915. 

b)  Various  inspection  reports  by  state 
personnel . 

c)  Various  correspondence. 

d)  Memorandums. 

e)  Permit  applications  for  various  repairs. 

f)  Various  permits  for  making  repairs. 

g)  Various  photographs  as  a result  of  the 
inspections  performed. 

2)  Original  drawings  obtained  from  Mr.  Pat 

Nuzzo,  Superintendent,  Bradford  City  Water 

Authority  (some  of  the  drawings  are  enclosed 

in  this  report  as  Plates  3 through  8 ) . 

The  last  inspection  of  the  dam  was  performed  on  20  Sep- 
tember 1977  by  Mr.  Walter  Leidig  of  PennDER.  He 
indicated  in  his  report  that  the  dam  was  in  good  general 
appear ance,  but  there  was  "some  minor  heaving  in  the 
riprap  on  the  upstream  face,  minor  seepage  downstream 
approximately  200  feet  from  the  right  abutment,  and 
minor  seepage  at  the  center  of  the  dam."  He  also 
indicated  that  the  concrete  in  the  spillway  needed 
repair  and  recommended  a letter  to  the  water  authority 
requesting  them  to  repair  the  concrete  in  the  spillway 
chute  slabs. 


5 


f 


2 . 2 CONSTRUCTION 


I 


The  original  embankment  was  constructed  in  1886  by 
J.  A.  Seymore.  Very  little  information  is  available 
concerning  this  construction  except  for  the  information 
incorporated  into  later  design  drawings  for  the  addi- 
tional 20  feet  of  embankment.  The  increase  in  height 
of  the  embankment  occurred  during  the  years  1909  to 
1913  under  the  supervision  of  A.  F.  Bannon,  Jr. , City 
Engineer.  Mr.  B.  A.  Wise  was  the  field  engineer  for 
the  city  during  the  construction.  North  Western  Con- 
struction Company  was  contractor  for  the  later  construc- 
tion. Information  contained  in  the  1915  report  by  the 
Water  Supply  Commission  of  Pennsylvania  indicates  that 
the  techniques  employed  for  construction  were  very 
excellent  for  that  time,  including  removing  the  topsoil 
and  plowing  the  ground  to  insure  bonding  of  the  old  and 
new  materials.  The  fill  was  obtained  from  the  upper 
end  of  the  reservoir  and  consisted  primarily  of  clay 
and  sand.  Additional  information  contained  in  the  1915 
report  states  that  the  spillway  location  was  changed 
during  the  embankment  raising.  The  original  spillway 
was  located  100  feet  from  the  left  abutment  of  the  old 
dam  (or  200  feet  from  the  left  abutment  of  the  new 
embankment)  and  consisted  of  timber.  The  present 
spillway  is  located  at  the  right  abutment  of  the  dam. 

2.3  OPERATION 

Operation  records  are  not  recorded  for  Bradford  City 
No.  2 Dam  and  Reservoir.  The  Bradford  City  Water 
Authority  is  responsible  for  maintenance  and  operation 
of  the  dam  and  appurtenant  structures. 

2.4  EVALUATION 

a.  Availability  - The  information  reviewed  consisted 
of  PennDER's  file  on  the  dam  and  information 
obtained  from  the  owner.  Considering  the  age  of 
the  structure,  it  is  doubtful  any  additional 
information  is  available. 

b.  Adequacy  - The  readily  available  information  and 
the  results  of  the  field  inspection  are  considered 
adequate  for  a Phase  I Investigation  of  the  dam. 

c.  Validity  - No  indications  were  present  during  the 
field  inspection  to  doubt  the  validity  of  the 
information  reviewed. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 


a.  General  - The  inspection  was  performed  on  7 and  8 
November  1978.  The  weather  was  slightly  rainy  on 
the  7th,  but  the  rain  ceased  on  the  afternoon  of 
the  8th.  The  lake  was  at  normal  pool  during  the 
inspection.  The  dam  and  appurtenant  structures 
were  found  to  be  in  fair  overall  condition. 
Noteworthy  deficiencies  are  described  briefly  in 
the  following  paragraphs.  The  complete  visual 
inspection  check  list  and  the  field  sketch  are 
presented  in  Appendix  A. 

b.  Dam  - Seepage  was  observed  exiting  through  a rock 
drain  placed  at  the  junction  of  the  toe  of  the 
downstream  slope  and  the  toe  of  the  left  abutment 
hillside.  The  rate  of  flow  was  estimated  at 

1 g.p.m.  at  the  time  of  the  visual  inspection.  No 
fines  were  transmitted  by  the  water  and  no  piping 
cavities  were  observed.  Seepage  was  also  observed 
at  a location  612  feet  right  of  the  left  abutment 
and  near  the  toe  of  the  embankment.  The  seepage 
was  flowing  at  an  estimated  0.5  g.p.m.  and  was  not 
carrying  fine  material.  The  vegetation  indicated 
that  this  seepage  area  has  existed  for  a long 
time. 

The  toe  drain  system  was  inspected;  many  of  the 
outlets  are  either  covered  with  soil  or  are  in  a 
general  state  of  disrepair.  The  design  drawings 
indicate  the  toe  drains  extend  along  the  downstream 
toe  of  the  embankment.  Outlets  carrying  the  flow 
below  the  downstream  berm  (along  the  toe  of  the 
embankment)  are  spaced  approximately  50  feet 
apart.  The  toe  drain  outlet  located  approximately 
230  feet  from  the  left  abutment  was  flowing  at  an 
estimated  rate  of  5 g.p.m.  The  water  exiting  from 
the  drain  appeared  clear  and  was  not  carrying  any 
fine  material.  The  toe  drain  outlet  located 
approximately  265  feet  from  the  left  abutment  was 
flowing  at  a rate  of  approximately  1 g.p.m.  This 
outlet  flow  also  appeared  clear  and  was  not  carry- 
ing any  fine  material. 

A depression,  approximately  1.5  feet  deep  and 

2 feet  by  5 feet  in  plan,  is  located  near  the  toe 
of  the  downstream  slope  approximately  315  feet 
right  of  the  left  abutment.  Since  this  is  the 
location  of  a toe  drain  outlet  pipe  that  is  no 
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longer  functional,  it  is  conjectured  that  the 
depression  is  the  result  of  a collapsed  toe  drain 
outlet  pipe  and/or  internal  erosion  of  embankment 
material  through  the  outlet  pipe. 

The  visual  inspection  also  disclosed  several 
locations  in  the  dam  where  animals  had  been  burrow- 
ing. Burrows  were  numerous  in  the  berm  at  the  toe 
of  the  downstream  slope  and  especially  in  the  area 
from  500  feet  to  520  feet  right  of  the  left  abut- 
ment. These  holes  should  be  repaired. 

The  riprap  at  two  locations  needs  to  be  reworked. 
These  areas  are  675  feet  and  725  feet  right  of  the 
left  abutment.  There  is  a rodent  hole  725  feet 
from  the  right  abutment  which  needs  to  be  filled 
prior  to  reworking  the  riprap. 

c.  Appurtenant  Structures  - The  concrete  overflow 
spillway  located  at  the  right  abutment  of  the  dam 
has  signs  of  cracking  and  minor  spalling.  Also, 
the  spillway  channel  exiting  into  the  rapid  chute 
has  signs  of  deterioration.  This  deterioration  is 
not  abnormal  for  the  age  of  the  concrete  and  the 
water  authority  has  used  asphalt  sealer  to  patch 
the  cracks.  However,  continued  maintenance  and 
repair  of  the  concrete  areas  will  be  necessary  in 
the  future  to  prevent  rapid  deterioration  and 
total  replacement  of  the  areas. 

No  significant  problems  were  observed  in  the 
outlet  works,  outlet  head  wall  or  outlet  channel. 
The  owner  indicated  that  the  blow-off  pipe  is 
opened  twice  a year  to  insure  proper  operation. 

d.  Reservoir  Area  - No  problems  were  observed  in  the 
reservoir  area. 

e.  Downstream  Channel  - The  right  side  of  channel 
immediately  downstream  from  the  stilling  pool  is 
eroded.  Placement  of  riprap  protection  at  this 
location  will  help  reduce  the  erosion.  No  obstruc- 
tions or  other  problems  were  observed  in  the 
downstream  channel.  There  are  approximately 

20  residences  located  within  the  first  mile  down- 
stream from  the  dam.  There  are  several  hundred 
homes  located  downstream  along  Marilla  Brook  and 
the  West  Branch  of  Tuna  Creek.  Tuna  Creek  then 
flows  through  the  City  of  Bradford  (1970  census 
approximately  13,000  people). 


8 


c 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

There  are  no  formal  written  procedures  for  reservoir 
operation  or  emergency  downstream  evacuation  in  the 
event  of  impending  catastrophe. 

It  is  recommended  that  a formal  emergency  procedure  be 
prepared  and  prominently  displayed,  and  furnished  to 
all  personnel.  This  should  include: 

1)  Procedures  for  evaluating  inflow  during 
periods  of  emergency  operation. 

2)  Procedures  for  rapid  drawdown  of  the  reservoir 
under  emergency  conditions. 

3)  Who  to  notify,  including  public  officials,  in 
case  evacuation  from  the  downstream  area  is 
necessary. 

In  addition,  the  owner  should  assist  public  officials 
in  developing  an  emergency  evacuation  plan  for  areas 
which  will  be  affected  in  the  event  of  a dam  failure . 

4.2  MAINTENANCE  OF  DAM 

The  Bradford  City  Water  Authority  is  responsible  for 
maintenance  of  the  dam.  Generally,  the  maintenance 
procedures  of  the  water  authority  are  considered  adequate. 
However,  a rodent  control  program  should  be  implemented 
and  periodic  maintenance  of  all  concrete  structures  and 
channels  should  be  performed. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  only  operating  facilities  associated  with  the  dam 
are  the  controls  for  the  water  supply  pipe  and  the 
blow-off  pipe.  The  blow-off  pipe  is  typically  operated 
by  the  water  authority  twice  a year  to  check  its  condi- 
tion and  operational  adequacy.  Maintenance  is  presumably 
performed  at  this  time  to  ensure  continued  operation. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  warning  system  or  procedure  in  the  event  of 
a impending  dam  failure.  An  emergency  warning  procedure 
should  be  developed  and/or  a warning  system  installed 
for  proper  notification  of  downstream  residents  as 
recommended  in  paragraph  4.1. 
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4.5  EVALUATION  OF  OPERATIONAL  ADEQUACY 


The  maintenance  procedures  for  Bradford  City  No.  2 Dam 
are  considered  adequate  except  for  the  deficiencies 
noted.  The  operating  facilities  are  considered  func- 
tional. Care  and  maintenance  of  these  facilities 
should  continue  in  the  future. 


SECTION  5 - HYDRAULIC/HYDROLOGIC 
5.1  EVALUATION  OF  FEATURES 


a.  Design  Data  - No  hydrologic  or  hydraulic  design 
data  were  available  for  the  preparation  of  this 
report.  All  calculations  used  in  the  analysis 
were  generated  during  the  course  of  this  study. 

In  a report  by  the  Water  and  Power  Resources  Board 
dated  2 August  1944,  it  was  stated  that  the  spillway 
capacity  of  2278  c.f.s.  was  entirely  too  small 
according  to  the  standards  at  that  time.  The 
spillway  capacity  was  verified  as  part  of  this 
inspection  report. 

b.  Experience  Data  - The  greatest  flood  of  record  at 
the  reservoir  site  occurred  during  the  period  of 
18-20  July  1942.  During  a period  of  41  hours, 

4.75  inches  of  rainfall  was  recorded  causing  the 
reservoir  to  rise  from  a level  of  26  inches  below 
the  crest  to  10  inches  above  the  crest.  No  other 
detailed  rainfall/reservoir  stage  records  were 
available  for  the  preparation  of  this  report. 

c.  Visual  Observations  - On  the  dates  of  the  inspec- 
tion,  no  condition  was  observed  that  would  indicate 
that  the  spillway  of  the  dam  could  not  operate 
satisfactorily  in  the  event  of  a flood. 

d.  Overtopping  Potential  - The  Bradford  City  No.  2 Dam 
is  classified  as  a "High"  hazard-" Intermediate" 
size  dam  requiring  evaluation  for  a spillway 
design  flood  (SDF)  equal  to  the  Probable  Maximum 
Flood  (PMF).  The  spillway  consists  of  a 68.8-foot 
wide,  rectangular  shaped,  approach  channel  and 
control  weir  exiting  into  a chute  channel . A 3- 
foot  wide  walkway  bridge  pier  is  located  near  the 
center  of  the  spillway  crest  reducing  the  effective 
width  to  65.8  feet. 

The  hydrologic  and  hydraulic  capabilities  of  the 
reservoir  and  spillway  were  evaluated  by  routing 
the  PMF  and  ratios  of  the  PMF  through  the  reservoir 
with  the  aid  of  the  U.S.  Army  Corps  of  Engineers 
Flood  Hydrograph  Package,  HEC-1.  The  PMF  and  1/2 
PMF  were  both  found  to  overtop  the  minimum  top  of 
dam  by  depths  of  1.7  and  0.7  feet,  respectively. 

The  results  of  this  analysis  indicate  that  the 
reservoir  and  spillway  are  capable  of  passing  a 
flood  approximately  equal  to  38  percent  of  PMF 
without  overtopping  the  dam. 
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Spillway  Adequacy  - The  dam  as  outlined  in  the 
above  analysis  would  be  overtopped  by  the  1/2  PMF. 
The  criteria,  for  spillway  adequacy  determination, 
requires  an  estimate  of  the  likelihood  of  dam 
failure  during  overtopping  by  1/2  PMF  conditions. 
Therefore,  the  following  conditions  were  used  as 
the  limiting  criteria  which  are  likely  to  cause 
failure  of  this  dam. 

1)  Depth  of  overtopping  in  excess  of 
1.0  foot. 

2)  Duration  of  overtopping  in  excess  of 
4 hours.* 

3)  Approximate  maximum  velocity  of  over- 
topping in  excess  of  4 f.p.s.* 

The  overtopping  analysis  of  this  dam  yielded  the 
following  values. 


1) 

0.7 

foot 

2) 

3.5 

hours 

3) 

3.8 

f.p.s. 

Therefore,  dam  failure  during  the  above  1/2  PMF 
conditions  is  not  likely  to  occur  and  the  spillway 
is  assessed  as  "inadequate." 

The  hydrologic  determinations  presented  in  this 
Phase  I Inspection  Report  are  based  upon  the  use 
of  a Snyder's  unit  hydrograph  developed  from 
coefficients  determined  by  the  Baltimore  District 
of  the  U.S.  Army  Corps  of  Engineers.  Due  to  the 
limited  number  of  gaging  stations  available  in 
this  hydrologic  region  and  the  wide  variation  of 
watershed  slopes,  the  Snyder's  coefficients  may 
yield  results  of  limited  accuracy  for  this  water- 
shed. As  directed,  a further  refinement  of  these 
coefficients  is  beyond  the  scope  of  this  Phase  I 
investigation  and,  therefore,  must  be  addressed 
by  the  dam  owner's  engineering  consultant  during 
the  detailed  investigation  as  suggested  in  the 
"Assessment  of  General  Conditions . " 

In  addition,  the  conclusions  presented  pertain 
to  present  conditions,  and  the  effect  of  future 
development  on  the  hydrology  has  not  been  considered. 


*These  parameters  will  vary  according  to  cover  and  material 
conditions  of  the  dam  crest. 
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SECTION  6 - STRUCTURAL  STABILITY 


* 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations  - The  seepage  area  observed  at 
approximately  612  feet  right  of  the  left  abutment 
is  not  considered  to  be  immediately  hazardous  to 
the  structural  stability  of  the  embankment  according 
to  the  conditions  that  were  present  at  the  time  of 
inspection.  However,  the  area  should  be  observed 
frequently  in  the  near  future.  It  is  conjectured 
that  this  seepage  is  related  to  the  improper 
functioning  of  the  toe  drain  system.  It  is  recom- 
mended that  the  owner  retain  a consultant  experienced 
in  earth  embankment  dams  to  develop  recommendations 
for  the  revitalization  or  reconstruction  of  the 

toe  drain  system  in  the  earth  embankment.  As  a 
part  of  this  work,  the  consultant  should  investigate 
the  above  mentioned  seepage  and  investigate  the 
depression  at  the  toe  of  the  slope  approximately 
315  feet  right  of  the  left  abutment.  The  rodent 
holes  in  the  downstream  berm  should  also  be  examined 
and  repaired  when  the  toe  drain  is  repaired. 

The  seepage  at  the  toe  of  the  left  hillside  and 
the  toe  of  the  embankment  junction  has  been  flowing 
since  construction  of  the  dam.  Material  was 
dumped  into  the  corner  of  the  reservoir  in  1922  to 
try  to  stop  this  flow.  A 1924  inspection  report 
indicates  this  flow  ceases  when  the  reservoir  is 
drawn  down  8 feet  below  normal  pool  level.  This 
seepage  area  is  not  considered  detrimental  according 
to  the  conditions  present  at  the  time  of  the 
visual  inspection;  however,  seepage  weirs  should 
be  installed  to  measure  all  seepage  quantities  and 
the  turbidity  of  the  seepage  observed.  If  conditions 
indicate  the  necessity,  remedial  action  should  be 
taken. 

b.  Design  and  Construction  Data  - No  design  informa- 
tion or  stability  computations  were  available. 
Considering  the  age  of  the  structure  and  state-of- 
the-art  in  geotechnical  engineering  at  the  time, 
it  is  theorized  that  the  design  was  based  on  local 
experience  with  the  materials  available  in  the 
region.  One  important  feature  in  this  dam  was  the 
revision  of  the  downstream  slope  from  1.5H:1V  to 
2H: IV.  This  revision  increased  the  factor  of 
safety  of  the  downstream  slope  stability;  especially 
since  subsequent  to  the  1913  increase  of  embankment 
height  to  40  feet,  the  downstream  slope  was  sloughing 


I 


13 


until  the  slope  was  flattened  in  1921.  General 
information  concerning  the  construction  of  the 
slope  modification  was  unavailable.  Information 
of  particular  importance  would  be  the  proper 
preparation  of  the  existing  slope  by  scarifying  to 
incorporate  an  adequate  bond  between  the  new  and 
existing  fill.  Also,  any  existing  planes  of 
slippage  from  the  previous  sloughage  should  have 
been  repaired  or  roughened.  On  20  July  1933,  the 
rfam  was  inspected  by  an  engineer  of  the  Water  and 
Power  Resources  Board  and  three  test  pits  were 
examined.  The  locations  were  not  noted;  however, 
the  engineer  did  indicate  that  "the  fill  carried  a 
large  percentage  of  clay,  with  considerable  stone 
and  some  sand;  however,  it  was  poorly  placed, 
leaving  the  embankment  more  or  less  porous  due  to 
insufficient  rolling  or  the  use  of  excessively 
heavy  layers.  [Heavy  in  this  context  probably 
means  excessively  thick  layers.]  Two  of  the  pits 
showed  some  seepage  from  the  reservoir . " Given 
this  description  it  is  probable  that  the  construction 
of  the  additional  fill  on  the  slope  was  performed 
by  end  dumping  of  the  material  from  the  crest  of 
the  embankment  with  only  a sufficient  amount  of 
compaction  and  grading  to  prepare  the  slope  at  the 
proposed  inclination. 

Given  the  uncertains  in  design  and  construction  of 
Bradford  City  No.  2 Dam,  it  is  recommended  that  a 
quantitative  asessment  of  the  structural  stability 
of  the  dam  be  performed  in  the  near  future. 

Operating  Records  - No  information  concerning 
operation  records  affecting  structural  stability 
were  available  for  review. 

Post-Construction  Changes  - As  previously  presented 
in  this  report,  the  downstream  slope  was  revised 
in  1921  from  1.5H:1V  to  2H:1V.  While  this  modifica- 
tion increased  the  structural  stability  of  the 
downstream  slope,  it  could  not  be  determined 
whether  this  modification  was  sufficient  to  meet 
current  design  standards  for  factors  of  safety  for 
stable  slope  inclinations  of  dam  embankments . 

Seismic  Stability  - Bradford  City  No.  2 Dam  is 
located  near  the  boundary  between  Seismic  Zone  1 
and  2 according  to  the  "Seismic  Zone  Map  of  the 
Contiguous  United  States,"  Figure  1,  Page  D-30, 
"Recommended  Guidelines  for  Safety  Inspection  of 
Dams."  Both  of  these  zones  are  considered  to  be 
zones  of  low  seismic  activity.  Experience  indicates 
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that  dams  located  in  these  zones  will  have  adequate 
stability  under  seismic  loading  conditions  if  they 
have  adequate  stability  under  static  loading 
conditions.  As  indicated  in  paragraph  6.1.b., 
further  assessment  of  the  static  stability  is 
recommended.  If  the  evaluation  and  subsequent 
recommendations  provide  sufficient  static  sta- 
bility factors  of  safety,  then  Bradford  City 
No.  2 Dam  will  have  sufficient  seismic  stability. 


C 
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SECTION  7 - ASSESSMENT,  RECOMMENDATIONS /REMEDIAL  MEASURES 


V 


I 


7.1  DAM  ASSESSMENT 

a.  Safety  - There  are  no  findings,  as  a result  of 
this  inspection,  from  which  a detrimental  assess- 
ment can  be  rendered.  However,  the  nature  and 
potential  implications  of  problems  previously 
noted  in  this  report  are  such  that  additional 
investigations  of  the  structural  stability  and  toe 
drain  system  are  considered  necessary.  More 
detailed  recommendations  in  this  regard  are 
presented  in  paragraph  7.^2. 

The  spillway  capacity  was  analyzed  using  the 
procedures  presented  in  paragraphs  5.1.d.  and 
5.1.e.  The  analysis  determined  that  the  spillway 
will  not  pass  the  PMF  without  overtopping  the  dam. 
Based  upon  the  routings,  it  was  estimated  that  the 
spillway  will  pass  approximately  38  percent  of  the 
PMF  before  overtopping  will  occur.  Based  on  this 
observation,  as  well  as  others  noted  in  Section  5; 
the  spillway  is  considered  "inadequate." 

b.  Adequacy  of  Information  - The  information  avail- 
able and  the  observations  made  during  the  field 
inspection  are  considered  sufficient  for  this 
Phase  I Inspection  Report. 

c.  Urgency  - The  owner  should  immediately  initiate 
further  investigation  as  discussed  in  paragraph  7.1.d. 

d.  Necessity  for  Additional  Data/Evaluation  - The 
analyses  and  assessments  performed  in  connection 
with  this  Phase  I Inspection  Report  have  indicated 
the  need  for  further  investigation  of  the  following 
items: 

1)  Additional  evaluation  of  the  spillway 
capacity  should  be  performed  and  recom- 
mendations should  be  developed  to 
increase  spillway  capacity. 

2)  A quantitative  analysis  of  the  structural 
stability  of  the  downstream  slope  should 
be  performed,  particularly  in  connection 
with  the  seepage  conditions.  Piezometers 
should  be  installed  to  determine  the 
phreatic  surface  within  the  embankment. 

This  analysis  should  result  in  recommenda- 
tions for  remedial  work  as  necessary. 
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3)  A study  of  the  revitalization  or  recon- 
struction of  the  toe  drain  system 
should  be  initiated. 

7.2  RECOMMENDATIONS/REMEDIAL  MEASURES 

The  inspection  and  review  of  information  revealed 
certain  items  of  work  which  should  be  performed  imme- 
diately by  the  owner.  These  include: 

1)  The  owner  should  initiate  an  engineering 
study  to  further  evaluate  the  spillway 
capacity  and  develop  recommendations  for 
increasing  the  spillway  capacity  as  necessary. 

2)  The  owner  should  initiate  an  engineering 
study  to  provide  a quantitative  assesment  of 
the  downstream  slope  stability  and  develop 
recommendations  for  remedial  action  as 
necessary.  Piezometers  to  measure  the 
phreatic  surface  in  the  embankment  should  be 
installed  in  conjunction  with  this  study. 

3)  The  owner  should  initiate  an  engineering 
study  for  the  revitalization/reconstruction 
of  the  toe  drain  system  in  the  embankment. 

4)  Development  of  emergency  operations  proce- 
dures for  the  reservoir  including: 

a)  How  to  operate  the  dam  during  an 
emergency  operation. 

b)  Procedures  for  evaluating  inflow 
during  periods  of  emergency  opera- 
tion. 

c)  Procedures  for  rapid  drawdown  of 
the  reservoir  under  emergency 
conditions . 

d)  Who  to  notify,  including  public 
officials,  in  case  evacuation  from 
the  downstream  area  is  necessary. 

In  addition,  the  owner  should  assist  public  officials 
in  developing  an  emergency  evacuation  plan  for  areas 
which  will  be  affected  in  the  event  of  a flood  or  dam 
failure. 
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The  inspection  and  review  of  information  revealed  other 
items  of  work  which  should  be  accomplished  in  the  near 
future  by  the  owner.  These  include: 

1)  The  repair  of  all  rodent  holes  in  the  d?  , 
including  the  downstream  berm,  and  estab- 
lishment of  a rodent  control  program. 

2)  The  localized  repair  of  riprap  on  the  upstream 
slope. 

3)  Placement  of  adequate  riprap  protection  along 
right  bank  of  the  downstream  channel  below 
the  stilling  basin. 

4)  The  installation  of  seepage  weirs  at  all 
locations  of  seepage.  All  weirs  should  be 
monitored  and  a record  kept  of  all  seepage 
quantities  and  turbidity.  If  conditions 
indicate  the  necessity,  remedial  measures 
should  be  taken. 

5)  Continued  maintenance  and  repair  of  spillway 
concrete  with  proper  replacement  as  necessary. 
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PLATE  I LOCATION  PLAN 

BRADFORD  CITY  NO. 2 DAM 
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PLATE  2 WATERSHED  MAP 

BRADFORD  CITY  NO.  2 DAM 
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APPENDIX  A 


CHECK  LIST  - VISUAL  INSPECTION 
AND  FIELD  SKETCH 
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Check  List 
Visual  Inspection 
Phase  1 


Holderbaum  Recorder 


I 

V 


FOUNDATION 


CONCRETE /MASONRY  DAMS  (N/A) 


riprap  failures  Area  at  approximate  Station  6 + 75  where  riprap  Repair  rodent  hole  and  rework  rip- 

needs  to  be  reworked.  Rodent  hole  at  approxl-  rap  at  both  locations, 
mate  Station  7 + 25  In  riprap. 
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UNGATED  SPILLWAY 
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APPENDIX  B 

CHECK  LIST  - ENGINEERING  DATA 
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CHECK  LIST 
ENGINEERING  DATA 
ESIGN,  CONSTRUCTION,  OPERATION 


RAINFALL/RBSERVOIR  RECORDS  No  records  available  at  the  dam  site. 
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PRIOR  ACCIDENTS  OR  FAILURE  OF  DAM  After  the  height  of  embankment  was  Increased  to  40  ft.  In  1913,  subsequent 
DESCRIPTION  sliding  and  sloughing  occurred  on  the  downstream  1.5H:1V  slope  In  the  years 
reports  1917  (estimated)  until  the  flattening  of  the  slope  In  1921.  Prior  to  the 

replacement  of  portions  of  the  spillway  channel  In  1945,  the  downstream 
portion  was  severely  undermined  and  cracked. 


Name  of  Dam:  BRADFORD  CITY  NO 
NOI  I PA  00024 
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CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS : 4.49  so.ffli.  (primarily  forested) 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY)  : 1701  ft.  (553  ac.-ft.) 

ELEVATION  MINIMUM  TOP  OF  DAM  (STORAGE  CAPACITY)  :1705.9  ft.  (760  ac.-ft.) 
ELEVATION  MAXIMUM  DESIGN  POOL:  Unknown 


ELEVATION  TOP  DAM:  1705.9  ft.  (minimum  elevation) 
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PHOTOGRAPHS 
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DETAILED  PHOTOGRAPH  DESCRIPTIONS 


L 

Overall  View  - View  From  Left  Area  of  Dam  Looking  Towards  the 
Right  Abutment  and  Spillway  Chute 

Photo  1 - View  of  Upstream  Crest  of  Dam 

(Intake  tower  at  left-center  of  photo.  Spillway  at 
right-center  of  photo.) 

Photo  2 - View  of  Downstream  Slope  of  Embankment  From  Top  of 
Spillway  Chute 

Photo  3 - View  of  Spillway  Crest  and  Walkway  Over  Spillway 

Photo  4 - View  of  Spillway  Chute 

Photo  5 - View  of  Spillway  Stilling  Basin 

(Note  seepage  area  in  upper  left  of  photo  and  erosion 
of  right  side  of  stilling  basin,  center-right  of  photo.) 

Photo  6 - View  Looking  Upstream  at  Spillway  Chute 

Photo  7 - View  of  Spillway  Chute  Looking  From  Toe  of  Embankment 
Near  Center  of  Dam 

Photo  8 - View  of  Outlet  Pipe  and  Head  Wall 
Photo  9 - View  of  Intake  Tower  and  Walkway 

Photo  10  - View  of  Rock  Drain  and  Seepage  Area  at  Junction  of 
Downstream  Toe  of  Slope  and  Left  Hillside 

Photo  11  - View  of  Depression  in  Embankment 

Photo  12  - View  of  Toe  Drain  Outlet 

(Flow  Approximately  5 g.p.m.) 


Note:  Photographs  were  taken  on  8 November  1978. 
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BRADFORD  CITY  No.  2 DAM 


PHOTO  4.  View  of  Spillway  Chute 


APPENDIX  D 

HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 
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STnKAGE-ElEVAT!ON  1ATA  WILL  eE  FVTAAPOl ATED  ABOVE  ELEVATirN  1706.00 


BRADFORD  CITY  NO.  2 DAM 
NDI  NO.  PA  00024,  PennDER  No.  42-8 

REGIONAL  GEOLOGY 


Bradford  City  No.  2 Dam  is  located  in  the  unglaciated 
section  of  the  northern  portion  of  the  Appalachian  Plateaus 
physiographic  province.  Bedrock  units  are  members  of  the 
Cattaraugus  formation  of  the  Upper  Devonian  system  which  are 
typically  red,  gray  and  brown  sandstones  and  shales.  These 
strata  are  essentially  horizontal  with  gentle  regional 
folding.  References  do  not  indicate  any  faulting  in  the 
vicinity  of  the  dam. 

Although  the  area  has  not  been  glaciated,  the  dam  is 
located  a short  distance  upstream  from  the  relatively  thick 
glacial  stream  and  lake  deposits  which  fill  the  valleys  of 
Tunungwant  (Tima)  Creek  and  its  tributaries.  However,  it 
appears  that  most  the  dam  and  reservoir  are  located  on 
residual  soils  of  the  Allegheny- Dekalb  soil  group  which 
reportedly  average  about  4 feet  in  thickness.  A small 
amount  of  alluvium  may  be  present. 


LEGEND 


PERMIAN 

< irrrnc  Formation 

Cyclic  sequence*  of  sandstone,  shale.  red 
tn.l*.  limestone  and  coal.  fco.v  at  the  lop  of 
the  I’pprr  Writhing  ton  Limestone. 


DEVONIAN 

UPPER 


PERMIAN  AND  PENNSYLVANIAN 


Washington  Formation 

Cl trite  sequrneet  of  to  ndtfr.ne,  shale.  lime- 
stone nod  ronl;  some  red  thnlr.  tome  mi nr- 
ohlr  nm/,  hntr  at  thr  top  of  thr  Waynet • 
burg  Coat. 


PENNSYLVANIAN 


APPALACHIAN  PLATEAU 


Monongahela  Formation 

Cydir  tcgmcnrrt  *f  tamdstome.  thalr.  Itme- 
mtnne  mad  roml,  limestone  prominent  in 
northern  outcrop  areas ; thnlr  and  mind- 
•tnnr  inermtr  south  ward;  commercial 
Contt  pretent:  hone  at  the  bottom  of  the 
Pittsburgh  Coal. 


Conemaugh  Formation 

Cardie  sequences  of  red  ond  pray  thalrt 
and  eiltstonet  with  thin  limeetonee  and 
contt:  massive  Mahoning  Sandttone  com- 
monly pretent  at  bate:  A met  Limeetone 
pretent  in  middle  of  eectione:  Brutk  Crook 
Limeetone  in  lower  pari  oftection. 


Allegheny  Group 


Cyclic  teguenret  of  enndotonr.  thalr.  Iime- 
ttonr  and  coal,  numrrone  commercial 
eoalt:  limestones  thicken  went  ward.  Van- 
port  Limeetone  in  lower  part  of  tertian; 
inctnart  Fiaeport.  sitsianomg,  and 
Clarion  Format iont. 


rrrnm 


Pottsville  Group 

Predominantly  tandtfonet  and  con plom or- 
al et  with  thin  thalrt  and  coale:  tome  coale 
mineable  locally. 


WESTERN  PENNSYLVANIA 


Oawnyo  Formation 

1sNs55s§s$5^  Greenish  gray  to  qray  shales.  tilltlnnet  and 
sand -tones  breaming  incrratinyly  shah, 
went  ward;  contidered  equivalent  to  type 
Otwayo.  Hirmtlle  Formation  Dr  in  Erie 
and  Crawford  Comtitea;  probably  not 
dittingniehable  north  a/  Carry. 

Cattaraugus  Formation 

Red.  pray  and  brown  thalr  and  sandstone 
with  the  proportion  of  rrd  drcrenming  west- 
ward,  i ndndet  Venango  tandt  of  drillert 
and  Salamanca  tandttone  and  nmolamcr- 
alr;  t»mc  limeetone  in  Crawford  and  Erie 
conn  I ire. 


Conneaut  Group 

Alternating  gray,  brown,  grrrnith  and 
jinridith  thalrt  and  eiltttanrt;  indudrt 
' pinksroek ” of  drillert  and  "Chemung  ' 
and  "Girard"  Formations  of  north west- 
ern  Penneytvania. 


Canadaway  Formation 

Alternating  brown  thalrt  and  tandtlonct, 
indudrt  "Portage"  Formation  of  north- 
wcetern  Penneytvania. 


ANTHRACITE  REGION 


Poat-Pottaville  Formations 

ttrown  or  gray  tandelonrt  and  ekairt  wilh 
tome  conglomerate  and  numrrone  mine- 
able coale. 


Pottsville  Group 

l.ighl  gray  to  white,  roarer  grained  sand 
tfonrt  and  conglomerate  with  tome  mine- 
able coal;  indudrt  Sharp  Mountain. 
Schuylkill,  and  Tumbling  Hmn  Forma- 

tione. 


MISSISSIPPI 


.ytb. 


M&uch  Chunk  Formation 

Ned  thalrt  with  brown  to  grrrnith  gray 
flaggy  tnndttnnrt.  includes  Greenbrier 
Limestone  in  Fayette.  Wetimnrdand.  and 
Somerset  counties.  I^yalhnnna  If  meet  one 
at  the  bate  in  tonlhwcttern  Pennsylvania 


Pocono  Group 

Predominantly  gray.  hard,  mattivr  crott- 
beddrd  conglomerate  and  sandstone  with 
tome  thalr.  inrlndit  in  the  Appalachian 
rtatean  Harpoon.  Shcnanqo.  Cuyahoga, 
( uttewago.  Carry,  and  Kfu.pp  Forma - 
tiont;  indudrt  part  of  "Otwayo"  of 
M.  L.  Fuller  in  Palter  and  Tioga  counties. 


